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Introduction
Foods containing carbohydrates and dietary fiber make up a major component of a healthy, balanced diet in humans.
Generally, the importance of proper fiber ratio of feed and its nutritional effects, digestion and metabolism, has been neglected in fish nutrition. Most researchers believe it has negative effects when incorporated in the diet (Wilson, 1995; Tripathi and Mishra, 2007) , however in appropriate ratio, its effects can be as important as those of the commercial prebiotics currently applied as promoters of the development of beneficial microorganisms in the digestive system, which help positively on feed utilisation by the fish (Montagne 2003; Cummings 2004 . Eshaghzadeh 2015 . Yarahmadi (2014) successfully demonstrated the potential of including fiber sources in the fish feeds and suggested that its benefits in optimising fish performance and immune response shall be explored.
The generic name fiber refers to all indigestible plant matter such as celluloses, lignins and other indigestible complex carbohydrates (Leary and Lovell, 1975) . A problem in the development of complete artificial diets for aquaculture is high protein requirement of many species of fish since this component contributes a high amount of the feed cost. Stone (2003) outlined the possibility of substituting expensive ingredients like fishmeal in the feed with lower cost plant protein sources such as meals of groundnut, soya bean, sunflower seed, rapeseed and cottonseed with different fiber levels. An alternative approach is to serve protein in the diet with less expensive ingredients such as lipids and carbohydrates (Anderson 1984) , but there is a limit to the amount of fiber that can be tolerated and this depends largely on the species of fish. Buhler and Halver (1961) observed a depressed growth in Chinook salmon reared on diets with increasing -cellulose. Leary and Lovell (1975) also noticed a growth depression among channel catfish fed 8% or more cellulose. Carnivorous species (e.g. salmonids) develop high levels of liver glycogen and suffer mortality when fed an excess of carbohydrate (Beamish 1986) . In contrast, omnivorous and herbivorous species such as catfish and carp appear more able to use dietary carbohydrate as an energy source (Kamalam 2017) .
In an effort to reduce feeding costs, carp farmers in Malaysia feed their fish with catfish or tilapia commercial diet and supplement with aquatic plant cuttings or napier grass. In this levels of α High fiber intakes are associated with improved gastrointestinal function, lower risk of heart disease, rapid weight loss, reduced blood pressure, and reduced risk of certain types of cancer and lower serum cholesterol concentrations (Anderson 1994 (Ismail , 2016 ) and 30% protein (Suharmili ., 2015) . However, the role of fiberstarch ratio in the diet of lemon fin barb hybrids has not been published. The present study was conducted to determine the effect of dietary starch-fiber ratio on survival, growth and feeding efficiency of barb hybrid. The whole body proximate composition, intestinal short chain fatty acids and liver glycogen of these fish were also measured to better understand the role of dietary fiberstarch ratio in this fish.
Five isocaloric (17 kJ g ), isonitrogenous (30% protein), isolipidic (4%) and carbohydrate (35%) diets containing increasing levels of cellulose fiber (0, 5, 10, 15 and 20%) were formulated and tried (Table 1) . Using a single screw extruder (Brabender KE-19) with a 3 mm Ø die and barrel temperatures were set at 90, 110, and 120°C, while the die head temperature was 135°C when the diets were processsed. The test diets were broken into 1 mm crumbles and stored airtight in plastic bags at −20°C until 60 days feeding trial after the pellets were oven dried at 50°C for 12 hr (Mohanta ., 2009).
Tropical carp juveniles (F1 hybrid broodstock of × ) fingerlings were obtained from Perlok Aquaculture Extension Centre, Jerantut Pahang, Malaysia. The fingerlings (1.0±0.05 g) were then acclimatised in a 1000 l tank for 2 weeks and fed 32% crude protein commercial tilapia diet (Star Feed (M) Sdn. Bhd., Malaysia). Tap water used was dechlorinated and vigorously aerated. The experiment was subjected to indoor natural temperature and photoperiod, respectively. On 15 day, a total of 300 fish were equally distributed into fifteen 100 l glass aquaria. The test diets were randomly assigned to the aquaria in triplicates. The fish were fed twice daily at 09:00 am and 04:00 pm to apparent satiation. Every 15 days, the fish were bulk weighed to minimise fish stress (Wu ., 2016) .
Water quality parameters including dissolved oxygen, water temperature, pH and total ammonia were measured on each non-sampling days, and approximately 50% of the water was exchanged according to Kamarudin . (2011) . Throughout the experiment, dissolved oxygen 7.5-7.8 mg l , pH 7.1-7.5, water temperature ranged 28.2-29.6°C and ammonia-nitrogen of 0.01-1.14 mg l . After 60 days, the fish in each tank were individually measured for final body weight gain and length. The specific growth rate (SGR) was also calculated. The protein efficiency ratio (PER), feed conversion ratio (FCR), viserosomatic index 
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Body indices :
Liver histopathology :
Intestinal short chain fatty acids :
Five fish in each aquarium were euthanized with a lethal aqueous dose (50 mg l ) of MS222 (tricaine methanesulfonate, Sigma, St. Louis, MO, USA) and weighed. The viscera that comprised intestine, intraperitoneal fat, liver and spleen were removed and weighed. The viscera weight was then divided by the weight of whole body of the hybrid and multiplied by 100 to calculate the VSI. From the same fish, the liver was then weighed, divided by the hybrid weight and multiplied by 100 to calculate the HSI according to Romano (2016) .
From 5 fish in each aquarium, the livers were fixed in phosphate buffered 10% (v/v) formalin for 24 hrs, followed by 70% ethanol until processing.
bedded in paraffin, sectioned and stained with Periodic-acid Schiff (PAS). The staining intensity was quantified according to Lee (2003) .
After storing the intestinal samples at −20°C, 1 ml of 20% metaphosphoric acid was added to the intestines and homogenized using a homogenizer. it was then centrifuged at 20,000 rpm for 10 min and the supernatant was stored at−20°C. Volatile fatty acids (VFA) propionic, butyric, isobutyric, valeric, isovaleric and 4-methyl-nvaleric acids (Sigma, St. Louis, Mo., USA). An internal standard (4-methyl-n-valeric acids) was used for VFA determination according to (Kihara and Sakata, 1997) .
The initial whole body proximate composition of 20 fish were measured from the stock at the beginning of the experiment. However, at the end of the experiment, 10 fish that were randomly obtained from each aquarium were anaesthetized and kept at -20°C until analysis. The proximate composition of fish samples and experimental diets were analysed in triplicates according to AOAC standard methods (1997) . Dry matter was assessed by oven drying the samples at 105°C till a constant weight and lipid were determined by petroleum ether extraction with Foss Tecator Lipid Analyzer. Crude protein percentage was estimated by a protein analyser (Foss 2400 Kjeltec Analyzer Unit) following a 60 min acid digestion. Total ash content was determined by incinerating the samples at 600°C for 5hrs while crude fiber was estimated by acid digestion followed by alkaline digestion (Foss Tecator Fibertec 2010 Hot Extractor). Gross energy content was determined using a bomb calorimeter (IKA C 200 Oxygen Bomb calorimeter).
All data were subjected to one-way analysis of variance (ANOVA) after prior confirmation of data homogeneity using Statistical Analysis System 9.4 for Windows (SAS Inc., USA). Percentage data were arsine transformed. Differences among dietary treatments were identified using Tukey's test and optimal growth curve was evaluated using second order polynomial regression. 
PAS staining intensity (%)
Dietary fiber level efficiency were severely reduced when fish were fed a 20% fiber. However, a dietary fiber level of above 10% seemed to affect the dietary protein and energy retention. Anderson (1984) stated that a dietary fiber level of above 10% is not recommended for the omnivorous tilapia. The growth reduction in carnivore rainbow trout fed on 10% fiber is associated with a decrease in gut passage time (GPT) and diet digestibility (Hilton and Atkinson, 1982) . A growth depression has also been reported in channel catfish fed above 8% fiber (Leary and Lovell, 1975 ). In addition, fiber level of 8% or less in the diets of channel catfish may improve binding and water stability of pelleted diets and the fish growth rate.
Even though the hybrid liver looked normal, the glycogen content and lipid vacuolization in hepatocytes of the liver decreased with increasing dietary fiber level. No reduction of the nucleus was observed indicating degeneration of hepatocytes did not occur. This demonstrated that in general the liver was not affected by the increasing dietary fiber level which was similar to that reported in the Malaysian mahseer (Ishak 2016) . It is well known that cellulose is less physiologically active than other types of fiber such as lignin and pectin in altering the uptake of dietary minerals (Harmuth and Schelenz, 1980) . This may explain why no damages or stress was observed in the liver of the barb hybrid throughout the feeding trail (Sulaiman 2017b).
Short-chain fatty acids (SCFAs) are the by-product of fiber fermentation in the colon, particularly acetate, which improves the synthesis of cholesterol (Titus and Ahearn, 1988; Smith 1996; Kihara and Sakata, 1997) . Cholesterol is a precursor of hormones associated with protection against stress and vitamin D synthesis (Deng 2013) . The by-products from bacterial fermentation of certain starch within the digestive tract of animals can have some benefits as an energy source and biological control of pathogenic microbes (Leenhouwers 2008; Romano 2016 ).
In the current study, once the dietary fiber level reached 10%, there were significant drop in the production of acetic and propionic acids. The significantly lower intestinal SCFAs when the hybrid was fed a diet with the highest amount of fiber indicated that 0-10% fiber was fermented better by intestinal microbes which produced large amount of acetic and propionic acids than 15-20% fiber. This observation is in agreement with the findings in tilapia (Kihara 2002; Cuesta 2007) .
The inclusion of a suitable amount of fiber in a diet can minimise the use of antibiotics in animals, and thus ensures food safety (Adorian 2016) . Fibers such yeast autolysate and linseed have no anti-nutritional action rather provide a better performance and deposition of nutrients (Adorian 2015) . A good growth performance was reported when silver catfish was fed a diet containing fed a diet containing fiber (linseed bran) suggesting its growth promoting effect (Adorian 2015) . et al. et al., et al., et al., et al., et al., et al., et al., et al., et al., et al., et al., 
Results and Discussion
All fish survived the 60-day feeding trial. The dietary fiber level significantly affected fish growth, FCR and PER (Table 2) . The fish fed 0-10% fiber exhibited significantly higher growth and PER than those fed 20% fiber (p<0.05). A second order polynomial regression showed that 5.2% was the optimal inclusion level of fiber for this hybrid (Fig. 1) . FCR was significantly better among fish fed 0-15% fiber than that of fish fed 20% fiber. HSI and VSI were not affected by the dietary fiber level.
The whole body proximate compositions of lemon fin barb hybrid at the beginning and end of the experiment are shown in Table 3 . The results showed that the dietary fiber level had no significant effect on the moisture, crude ash or crude protein content of the fish. Increasing dietary fiber level decreased body lipid with fish fed 15-20% dietary Fiber having significantly lower body lipid than those fed 0-10% dietary fiber. A similar trend in the body energy was observed. In contrast, body NFE was significantly higher among fish fed 15-20% fiber. The protein, energy and lipid retention by hybrid fingerlings were significantly affected by the dietary fiber level and continually decreased as dietary fiber inclusion increased (Table 4 ). The carbohydrate retention in the fish was low and not affected by the dietary fiber level.
The most dominant intestinal short chain fatty acid in lemon barb hybrid was acetic acid, followed by propionic acid, butyric acid and isobutyric acid (Fig. 2) . The highest amount of intestinal acetic acid was found among fish fed 5% fiber which was only significantly higher from those fed 15-20% fiber. Similarly fish fed 0-10% fiber had significantly higher propionic acid than those fed 15-20% dietary fiber. No significant differences among treatments were found for intestinal isobutyric and butyric acid.
Histological examination of liver hepatocytes of the barb hybrid showed intact cellular structure and staining character of the hepatocytes in all treatments (Fig. 3) . Even though the liver looked normal, the glycogen content and lipid vacuolization in hepatocytes of the liver decreased with the increase of dietary fiber level. Fish fed 5% fiber had more PAS positive material. The fish fed 0-10% fiber exhibited significantly higher periodic-acid Schiff (PAS) staining intensity than those fed 15-20% fiber (Fig. 4) .
Non-digestible component in feed ingredients such as crude fiber plays an important role in fish as prebiotic to enhance intestinal microbiota and improve digestion, absorption and assimilation in the fish digestive system (Desai 2012; Ingerslev 2014) . The growth of chinook salmon reduces with increasing dietary level of fiber (Buhler and Halver, 1961) similar to what was observed in the present study. This study also demonstrated that the tropical carp hybrid could tolerate up to 15% dietary crude fiber without affecting its growth, feed efficiency and body composition. The fish growth and feed
et al., et al., Dietary crude fiber level on growth metrics
While some components of the dietary fiber are used as a substrate by intestinal bacteria, the insoluble fraction is slowly or partially fermented compared to the soluble fraction which is rapidly fermented. Any food or dietary ingredient that reaches the large intestine intact is a potential prebiotic but shall be fermented by beneficial microorganisms in order to be effectively considered as prebiotic (Lan 2005) .
It can be conclude that a diet containing 5-10% fiber . 30 or 25% starch a total of 35% carbohydrate with gross energy 17 kJ g , 30% protein and 4% lipid was recommended for the culture of fingerlings tropical lemon fin barb hybrid. Further research should be done to assess the effects of feeding diets with 5 and 10% different types of fiber on the intestinal amylase and cellulose enzyme activity. 
